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ABSTRACT 

We report evidence for a striking difference between SO galaxies in the local field and in the Virgo 
Cluster. While field SO galaxies have disks whose surface-brightness profiles are roughly equally divided 
between the three main types (Types I, II, and HI: single-exponential, truncated, and antitruncated), 
Virgo SOs appear to be entirely lacking in disk truncations. More specifically, the fraction of trunca- 
tions in SO galaxies with Mb < —17 is 28^^% for the field, versus 0^0% for the Virgo Cluster galaxies; 
the difference is significant at the 99.7% level. The discrepancy is made up almost entirely by Type I 
profiles, which are almost twice as frequent in the Virgo Cluster as they are in the field. 

This suggests that SO formation may be driven by different processes in cluster and field environ- 
ments, and that outer-disk effects can be useful tests of SO formation models. 

Subject headings: galaxies: structure — galaxies: elliptical and lenticular, cD — galaxies: evolution 
— galaxies: clusters: general 



1. INTRODUCTION 

One of the most interesting unresolved questions in the 
study of galaxy morphology is the origin of SO galaxies. 
These galaxies are common in the denser parts of clusters 
(Dressier 19801, which suggests a cluster-based forma- 
tion mechanism. The discovery that clusters evolve from 
spiral-dominat ed at z > 0.5 to SO-dominated at lower 
redshifts (e.g.. Dr es sier et al. | |1997 Postman et al. 



2005 



I Pog gianti et al.|2008[) is evidence that clusters may in tact 
be turning spiral galaxies into SOs. Indeed, tra nsforma- 
tion mecha nisms such as ram-pressure stripping ( Gunn & 
Gott|1972p require high orbital velocities and a relatively 
dense, hot IGM, as found in clusters. 
However, SO galaxies are also found in Zow-density en- 
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), which suggests one ol two th 


ngs: 



ping cannot create SOs, or there are actually multiple 
channels for forming SOs, some op erating in clust e rs and 



others in lower-density regions. Moran et al. (20071 



found evidence suggesting that bot h ram-pressure strip- 



ping and strangulation/starvation (Larson et al. 19801 



may b e oper ating in massive clusters, while | Wilman 



Erwin (2011) argue that a significant fraction of local 
field and group SOs probably became SOs as central galax- 
ies within their dark-matter halos, which implies mecha- 
nisms other than interactions with the IGM (e.g., minor 



mergers; see [Bekki 1998; Bournaud et al. 20051. If the 



multiple-channel scenario is true, then there may be dif 
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ferences in SO galaxies as a function of environment, dif- 
ferences which could be used to test SO formation models. 

One galaxy feature which might show environmen- 
tal influences quite clearly is the structure of the outer 
disk, which should be more vulnerable to effects such as 
gas stripping, tidal pertur bation s, and late-time accre- 
tion . Recent work (Erwin ct al. 2005; Pohlen fc Tru- 
jTIIo][2006, Erwin ct al., 2008, Gutierrez c t al.||201l[ )~Fias 
shown that the surf ace- brightness profiles ot outer disks 
- traditionally supposed to be purely exponential, or 
else exponential with sharp outer truncations - fall into 
three broad classes: single-exponential (Freeman [1970] 
Type I), t runcated (Freeman Type II), or antitruncated 
(Type III; Erwin et al. 2005); see Figure [l] for examples. 
All three profiles have been observe d in spiral galaxies 
out to z ^ 1 jP crez 2004; Trujillo fc Pohlen||2005l [AF 
zollini et al.||20D8[ jB akos et al.| | 201l"| . I'he analysisoF 
2(J11) indicated that local SO disks are 



Gutierrez et al. 



evenly divided between the three main classes. That 
study, however, was based on a sample of galaxies includ- 
ing both the Virgo Cluster and the local field. Clearly, it 
would be of interest to see whether there are differences 
in the outer disks of SO galaxies as a function of environ- 
ment. This Letter explores that possibility by comparing 
the outer disk profiles of SOs in the Virgo Cluster with 
those of local field SOs. 

2. SAMPLE SELECTION AND DATA 

2.1. Virgo and Field Samples 

The Virgo sample w as constructed u sing the Virgo 
Cluster Catalog (VCC; Binggeli et al. 1988), starting 
with all galaxies havin g < 16 and secure me mber- 
shipj^ Data from RC3 ( de Vaucouleurs et al.||l99l" ) were 



* The VCC classifies galaxies as "certain members", "possible 
members" , and "background galaxies" ; we only considered "cer- 
tain" members. 
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Fig. 1. — Examples of the three surface-brightness profile classes. Type I (single-exponential) and Type II (truncated) profiles arc for 
field SOs; the Type III (antitruncated) profile is from the Virgo Cluster SO NGC 4620. Diagonal dashed lines (green in online version) are 
exponential fits to local regions of the profiles (bounded by small boxes); vertical dotted lines indicate lower and upper limits to bar size. 
Arrows indicate breaks in Type II and Type III profiles. Horizontal dashed lines (red in online version) show the sky-uncertainty limit 
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then obtained for each of these galaxies, in order to iso- 
late galaxies which were SO and had axis ratios < 2.0. 
(NGC 4733 is classified as "E-I-" in RC3 but has an SBO 
classification in NED and clearly hosts a strong bar, so 
we included it in the sample.) We then checked each 
galaxy for distance measurements. This showed that 
NGC 4600 ha d a surface-brightne ss fluctuation distance 
of ^ ' 



7 Mpc (|Ton ry et al 

we transferred it 



2001)), indicating that is a 
to the field sam- 



foreground object 
pie. Several other galaxies were rejected because they 
overlapped with bright neighbors or very bright stars, 
had significantly distorted outer isophotes, were clearly 
edge-on, or were not actual SO galaxies. Finally, we re- 
stricted ourselves to galaxies with < —17; this limit 
approximates the traditional boundaries between dwarf 
and giant galaxies, and corresponds to stellar masses 
> lO^-^M© (assuming a typical SO B - ^ of ~ 0.8 and 
the color-based mass-to-light ratios of Zibetti et al. 2009). 
The result was a set of 24 Virgo Cluster SO galaxies. 

The field sample was designed to have the same abso- 
lute magnitude limit and a distance limit of ~ 30 Mpc. 
The starting point was a combined set of barred and un- 
barred galaxi es, whose sur face-brightn ess profiles were 



presen ted in Erwin et al. ( [2008) and Gutierrez et al. 
(2011), respectively (many of the Virgo SO galaxies were 
also included in those studies). However, those samples 
were diameter-limited {D25 > 2.0') and therefore tended 
to exclude more compact galaxies and galaxies at larger 
distances. To better match the Virgo sample, we defined 
the field sample as follows: all galaxies from HyperLeda 
with Hubble types -4 < T < 0, Mb < -17, declination 
S > —10°, and redshifts (corrected for Virgocentric in- 
fall) < 2000 km s~^. Galaxies which were VCC members 
were excluded (the only exception being NGC 4600; see 
above). As in the Virgo Cluster sample, RC3 measure- 
ments were then used to identify SO galaxies with axis 
ratios < 2.0. After closer inspection, nine galaxies were 
rejected for having been misclassified (e.g., NGC 2853 
is classified as SBO°, but is clearly an early- type spiral), 
interacting or overlapping with neighboring galaxies or 
bright stars, or being too highly inclined despite the pub- 
lished axis ratio. 

The resulting (nominal) field sample has a total of 55 
SO galaxies; however, suitable images are not available 
for all. Since images from the Sloan Digital Sky Survey 



(SDSS; York et al. 2000) have prove n more than ade- 
quate for outer-disk prof ile work (see Pohlen & Trujillo 



2006| 

Tease 



Erwin et 
(DRT 



al. 2008), we decided to use Data tie 



Abazajian et al. 2009 ) as our primary im- 
.'his encompasses the entire Virgo Cluster 



age source 

and much of the nearby northern field; 43 of the field 
SO galaxies have DR7 images. An additional seven SO 
galaxies outside DR7 have already been anal yzed using 
other i mage sources by Erwin et al. ( 2008 ) and Gutierrez 
et al. (2011). We include these in our final sample in 
order to increase the field-galaxy numbers. Doing so 
does, however, introduce a slight bias in favor of brighter 
galaxies in the field sample, since the galaxies in the Er- 
win et al. /Gutierrez et al. samples were selected to have 
D25 > 2.0'. Therefore, we check all our results by using 
both the full field sample (50 SO galaxies) and a "DR7- 
only" subsample, restricted to the 43 field SO galaxies 
covered by DR7. 

We use the term "field" somewhat loosely, since we 
did not attempt to distinguish between groups and gen- 
uinely isolated galaxies. However, we do believe that 
there is a clear difference between the Virgo Cluster and 
field samples: the latter does not include any truly high- 
mass groups comparable to Virgo. In the Nearby Optica l 
Galaxy Groups (NOGG) catalogs ( [Giuricin et"al]|2000[ ), 
the largest group within 2500 km s~ in redshift and with 
S > —10° o ther than the Vir go Cluster is the Ursa Major 
"Cluster" (TuUy et al. 1996), which has three of our field 
SOs. This spiral-dominated group has a velocity disper- 
sion of only 148 km s~^, compared with 715 km s^^ for 



sion ot only 148 k m s , comp ared witn ^^io km s tor 
the Virgo Cluster ( [Tully|1987j Twelve field SOs have no 
group assignment m the N UGG catalogs at all and are 



group 

therefore plausible isolated galaxies. The field sample is 
thus a mixture of low-mass groups and isolated galax- 
ies, providing a strong contrast with the Virgo Cluster 
sample. The two samples do not show any significant 
differences in absolute magnitude (Kolmogorov-Smirnov 
P = 0.79). 

3. ANALYSIS AND DISK-PROFILE GENERATION 

Details of the process for extracting azimuthally av- 
eraged su rface-brightness pro files of outer disks are pre- 



sented in Erwin et al. 



(2008). Here, we briefly summa- 
rize the basic approach and discuss new automated tech- 
niques used to analyze SDSS images of the 28 galaxies 
not previously classified by Erwin et al. or [Gutierrez Jt] 
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al. (2011). Images for each galaxy were retrieved from 
tHe SUSS archive; if the galaxy was near the top or bot- 
tom of the image, the adjacent field was retrieved and 
the fields merged to form a larger image (adjacent fields 
in the vertical direction arc from a single drift-scan ob- 
serving run). 

Careful sky subtraction is essential, as is careful mask- 
ing of bright stars and other galaxies near the target 
galaxy. We s tarted by running SExtractor (Bertin & 
Arnouts||1996 ) on the r-band images. The resulting cat- 
alog was processed into an SAOimage DS9 region file 
(converting stars to circles and galaxies to ellipses, with 
sizes being multiples of the SExtractor isophotal arear] 
These regions were then displayed on the image and 
edited (adding additional masking if necessary and re- 
moving regions corresponding to the target galaxy). A 
mask image was then generated from the region file, for 
use in conjunction with the ellipse-fitting (below). The 
mask file was also used for sky subtraction: median pixel 
values were determined for 100-150 10 x 10-pixel regions, 
with locations chosen randomly such that they fell out- 
side masked regions and were not within 2.5 i?25 of the 
galaxy center {R25 = half of the D25 diameter). The 
final sky value was the mean of these median measure- 
ments, with uncertainty (Xsky computed by bootstrap re- 
sampling. We used crgky to compute a limiting surface 
brightness /Zcrit = 4.94crskyi this is the level at which 
a l-CTsky error in the sky subtraction would produce a 
0.2 mag arcsec"^ shift in the surface-brightn ess profile 
(see |Pohlen fc Trujillo|2006l|Erwin et al.|2008[ ). Median- 
smoothed images were inspected to identity any residual 
large-scale gradients (typically vertical, due to changes 
in sky brightness during the SDSS drift scan); if present, 
these were removed with the iraf imsurfit task. 

After sky subtraction, the galaxy disk orientation was 
determined by fitting ellipses to the r-band isophotes, 
using the IRAF task ellipse. Ellipses corresponding to 
the outer disk (i.e., outside any bars and prominent rings) 
were used to determine the overall galaxy orientation, un- 
der the assumption that the outer disk is approximately 
circular. We then re-ran ellipse with ellipse shape and 
orientation fixed to that of the outer disk. This gener- 
ates surface-brightness profiles corresponding to circular 
averaging if the galaxy were face-on. (This approxima- 
tion fails at small radii if there is a prominent, rounder 
bulge, but this does not affect the outer profile.) A key 
advantage of this approach is that it allows measuring 
the profile to much fainter levels than is possible when 
the program must simultaneously fit variable ellipses to 
the isophotes; typically, we can trace the profile to at 
least twice i?25- 

Finally, the surface-brightness profiles were classified 
into the three basic type s (Figure [l|, with addit ional 
subtyping as descri bed in Pohlen & Trujillo (2006) and 



Erwin et al. (2008). Classifications and parameters for 



2008) or Gutierrez et al. 



^008 



atax ies not in Erwin et al 
(20lii ) are presented m I'able 

Since the influence of environmental effects are ex- 
pected to be stronger in the outer disk, it makes sense 
to concentra t e on differ ences in profiles at large r radii. 
Erwin et al.l (12008^ and iPohlen & Trujillol (|2006|) noted 



that a small fraction of Type II profiles had breaks at or 
interior to the bar radius ("Type II. i" profiles). It seems 
likely that these profiles are not produced by the same 
mechanisms that produce truncations at much larger 
radii; in fact, they appear to be produced spontaneously 
in isolated disks due to bar formation (Erwin et al._2012) . 
Thus, in our statistical analyses we do not consider 11. i 
profiles to be true "truncations" , and group them with 
the Type I or III profiles (depending on the profile shape 
outside the bar). Because the distinction between II. i 
and II. o profiles is only possible for barred galaxies, we 
also look at the distribution of profile types for barred 
galaxies s eparately. For the SO galaxies not previousl y 



studied in Erwin et al. (2008) or Gutierrez et al. (^2011) 



p 

iky 



we carefully analyzed red (and, if available, near-lK) im- 
ages for the presence of bars, and measured any such bars 
that were found; these measurements will be presented 
elsewhere. The absolute numbers of Type II. i profiles are 
quite small: two in the Virgo Cluster SOs and none in the 
field. 

4. COMPARISONS BETWEEN VIRGO AND FIELD 
GALAXIES 

The distribution of profile types is summarized in Fig- 
ure |2j both for the complete sample (left panel) and for 
just the barred galaxies (right panel). Two features are 
immediately apparent. First, there is a complete ab- 
sence of truncations in Virgo Cluster SOs, in contrast 
to the relatively high frequency of truncations in field 
SOs: 28.0^^;^% of aU field SOs (36. 7^^^% of barred field 



SOs). For the DR7-only subsample (see Section 2.1), the 



^ Based partly on code kindly provided by Michael Pohlen. 



frequencies in the field are 29.5_g'4% for all field SOs 

and 38.5l^;^% for the barred SOs. Second, Type I pro- 
files are significantly more common in the Virgo Cluster 
(45.81:1%^%) than in the field (26.0t|?%, or 23.3i*j% 
for just the barred galaxies; 22.7l:|?% and 19.2^^ j%, re- 
spectively, for the DR7-only subsample). Type III pro- 
files, on the other hand, are equally common in both 
environments. 

The difference in profile frequencies seems strong; is it 
statistically significant? Rather than focus on, e.g., just 
the difference in truncation frequency (which amounts 
to selecting out the strongest deviation after the fact), 
we ask whether the distribution of all three profile types 
is similar for Virgo and field galaxies. For this, we can 
use the extended version of Fisher's Exact Test. For the 
complete Virgo and Field samples, the 3x2 Fisher's 
Exact Tesip] gives P = 0.00623 for the null hypothesis 
that both neld and Virgo distributions come from the 
same parent population, and P — 0.00366 when only the 
barred galaxies are considered. Restricted to the I3R7- 
only subsample, the signficance becomes even stronger: 
P = 0.00318 for aU SOs and P = 0.00264 for barred 
SOs. (When the smaller number of unbarred galaxies 
are considered, the differences are not significant.) So 
the difference in outer-disk profiles between the Virgo 
Cluster and the local field is both large and statistically 
significant. 

Could we be missing truncations at larger radii in the 
Virgo SOs, and thus mis-classifying them as Type I? This 

^ We use the implementation in the R statistical package 
( pittp://www. r-proj ect.org/ ) 
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Fig. 2. — Histograms of outer-disk profile frequencies for SO galaxies in the local fiel d (white bars ) and the Virgo Cluster (gray bars). 
Left: all SO galaxies. Right: barred SOs only. Error bars show 68% confidence intervals l |Wilson|1927[ l. 

ever, their classification scheme used a narrow surface- 
brightness range and is thus rather different from oursQ 
If we focus on the difference between Type I and II pro- 
files and assume that it is indeed directly due to envi- 
ronmental effects, we can posit two possibilities: either 
something in the cluster (or proto-cluster) environment 
transforms Type II profiles into Type I, or else something 
prevents a Type I to Type II transition which is common 
in the field. 

The most popular models for disk truncations com- 
bine two elements. The first is a radial dropoff in effi- 
cient star formation, either because the gas densi ty falls 
below some critical star-formation threshold (jKennicutt 
1989| |Schaye|[2004l |Elmegreen &: Hunter] |2006| or be- 
cause the gas density prohle itself has a sharp break. 




possib ly due to accretion-induced warping ([Roskar et al 



Break Radius R^J^^^ [kpc] 

Fig. 3. — ij-band surface brightness at the break (^brk) versus 
break radius iJbrk for truncations (black circles). Also shown are 
upper limits on /x^rk a-nd lower limits on i?brk for undetected trun- 
cations in Type I profiles (black = field, gray = Virgo Cluster). The 
clear gap in /^brk between the detected truncations and the upper 
limits indicates that we are probably not missing truncations in 
Virgo Cluster galaxies due to surface-brightness limits. 

seems quite unlikely. Figure [3] shows that break radii for 
field SOs occur at i? '--^ 2-12 kpc, with surface brightnesses 
at the break of Hhrk,R < 24 mag arcsec"^; the mean 
A*brk,R is 22.7. Also plotted are limits on any possible 
breaks for Type I profiles. The latter are all > 26 mag 
arcsec"^, much fainter than any observed breaks. 

5. DISCUSSION 

We can summarize the difference between outer-disk 
profiles in the Virgo Cluster and the field thus: Type III 
profiles are (roughly) equally common in Virgo and in the 
field; in Virgo, the remaining profiles are all Type I, while 
in the field they are half Type I and half Type II. (We 
note that Maltby et al. 2011 found no significant envi- 
ronmental differences for spiral disk-profile frequencies in 
and around a multiple-cluster system at z 0.17; how- 



l2008 a{JSanchez-Blazquez et al.|2009 Martinez-Serrano et 
|al.||2009 p. The second element is the outward scattering 
01 stars from the inner disk, such as produced by tran- 



sient spiral arms dSellwood fc Binney|200"2l [Roskar et al. 
2008a b; S anchez-Bfazquez et af.|2U09[|iVlar{lnez-Serrano 



|et al.|2009 )■ The main problem is that these models tend 
to approach disk truncation as a universal phenomenon 
and do not, in general, explain how and why truncations 
might not occur. 

If we assume that a significant fraction of present-day 
cluster SOs originally had truncations, then we can look 
for something which could er ase truncations. One pos - 



sibility is "harassment" (e.g., Moore et al, 
where a galaxy's motion through the (evo 
potential leads to repeated tidal s hocks. 



1996 



vmgj 
The 



surface-brightness" model galaxy in Moore et al. (1999 



1999|, 
cluster 
"high- 



their Fig. 7) had its initially single-exponential prohle 
transformed into a mild antitruncation by this process; 
this suggests that a Type II profile could " flatten out" 
into a Type I profile (but see Gnedin 2003"). More de- 
tailed simulations involving disks with initially truncated 
profiles are needed to see if this is a viable mechanism. 
(Of course, this cannot be the only way to form Type I 



^ For example, about half of their "Type lo" 
show clear Type II breaks. 



example profiles 
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profiles, since they are also found in the field.) 

Alternatively, we can consider cluster-based mecha- 
nisms which might prevent Type II profile s from form- 
ing ill the first place. If , as su ggested by |Erwin et al.| 
([2008) and Erwin et al. (2012), truncations in SOs and 
early-type spirals are predominantly related to the same 
sort of bar-Outer Lindblad Resonance (OLR) interac- 
tions which produce outer rings, then one possible sce- 
nario might be the following. The long dynamical times 
in outer disks suggest - and simulations agree - that 
large-scale changes there such as out er-ring formation 



requi re several Gyr (see references in Buta & Combes 
19961. Since bar-OLR interactions are strengthened by 



the presence of signficant gas in the outer disk (gas, being 
dynamically cooler than the stellar disk, more readily ab- 
sorbs angular momentum from the bar), the removal of 



gas should weaken OLR effects. One possible signature 
of this might be a tendency of gas-deficient spirals to be 
less likely to have Type II profiles and outer ringsr] If 
SOs in the field were able to retain gas in their outer disk 
for longer periods, they would be more likely to show the 
effects of bar-OLR interactions and develop Type II pro- 
files. SO galaxies in Virgo, on the other hand, could have 
lost their gas - particularly in the outer disk - earlier on 
due to, e.g., a combination of ram-pressure stripping and 
strangulation. 

We thank Dave Wilman for helpful comments, Michael 
Pohlen for the initial version of the catalog-parsing code, 
and the referee for suggesting the possible relevance of H i 
depletion. P.E. was supported by DFG Priority Program 
1177. 
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TABLE 1 

New Outer Disk Classifications and Measurements 



Galaxy Profile Type hi ho Rbrk fJ-O.i M0,o A^brk 
(") (") (") 



Virgo Cluster 



NGC 4262 


III 


14 


1 


24 


9 


83 


19 


36 


22 


13 


25.8 


NGC 4306 


III-d(?) 


11 


3 


19 


3 


27.0 


19 


69 


20 


75 


22.2 


NGC 4377 


I 


11 


3 






>90 


18 


79 






> 26.8 


NGC 4379 


I 


17 


5 






>120 


19 


98 






> 27.0 


NGC 4468 


III-s{?) 


17 


2 


39 


7 


63 


20 


48 


22 


74 


24.3 


NGC 4476 


III-s{?) 


16 


1 


24 


6 


50 


19 


96 








NGC 4479 


I 


23 


2 






>119 


21 


72 






> 27.2 


NGC 4483 


Ill-d 


12 


6 


20 


4 


55.0 


19 


10 


20 


89 


23.7 


NGC 4528 


III-s 


7 


4 






29 


17 


60 






21.7 


NGC 4598 


II. i + Ill-d 


13 


6 






54.0 


19 


76 






24.0 






13 


6 


21 


7 


54.0 


19 


76 


21 


38 


24.0 


NGC 4620 


Ill-d 


15 


7 


22 


9 


57.5 


20 


19 


21 


43 


24.1 


NGC 4733 


III 


16 


8 


23 





59.0 


19 


62 


20 


63 


23.3 










Field 














NGC 3011 


II.o-OLR( r) 


11 





4 


3 


21.0 


20 


76 


17 


43 


22.9 


NGC 3156 


III-d(?) 


12 





16 


9 


41 


18 


99 


20 


04 


22.6 


NGC 3266 


II.o-OLR 


17 


4 


10 


3 


24.9 


20 


41 


19 


36 


22.0 


NGC 3643 


III-d(?) 


11 


6 


17 


3 


43 


19 


76 


22 


12 


24.9 


NGC 3757 


III-d(?) 


11 


6 


48 


8 


48.5 


20 


40 


23 


87 


24.7 


NGC 3773 


I 


11 


9 






>70 


20 


20 






26.7 


NGC 3870 


Ill-d 


8 


3 


17 


8 


38 


19 


40 


22 


30 


24.0 


NGC 4221 


II.o-OLR 


38 


3 


15 


1 


82 


18 


46 


22 


02 


24.4 


NGC 4391 


II-CT(?) 


12 


3 


6 


4 


24 


20 


14 


18 


21 


22.4 


NGC 5507 


III-s(?) 


10 


9 


35 


4 


65 


18 


70 








NGC 5631 


III-s(?) 


18 


3 






45 


19 


62 








NGC 5770 


I 


13 


3 






>77 


19 


90 






> 26.2 


NGC 5839 


I 


14 









>90 


19 


91 






> 26.9 


IC 745 


III 


5 


3 


7 


4 


28 


18 


81 


20 


42 


24.4 


IC 2450 


Ill-d 


10 


3 


12 


3 


34 


19 


66 


20 


15 


23.3 


UGC 5745 


III-s(?) 


8 


4 


14 


2 


47 


19 


03 








UGC 9519 


Ill 


5 


6 


8 


7 


26 


19 


02 


20 


82 


24.1 



Note. — New classifications a nd measurenients of fl- band outer-disk 
parameters for SO galaxies not in [Erwin et al.| ( |2008^ or [Gutierrez et al.] 
| |2011^ . For each galaxy, we list profile type, exponential scale lengths ot 
inner and outer parts of the profile, break radius -Rbrk for Type II and 
III profiles, central surface brightnesses of fitted exponentials, and surface 
brightness at the break radius /^brk (see Erwin et al. for details). Surface 
brightnesses are observed values (uncorrected for Galactic extinction, in- 
clination, or redshift). Type I profiles by definition have no "outer" part 
and only upper limits for -Rbrk a^nd /^brk- 



